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ABSTRACT
This paper takes a critical approach to understanding the social and cultural
‘work’ of natural heritage conservation, focussing speciﬁcally on ex-situ
biodiversity cryopreservation practices. Drawing on ethnographic ﬁeldwork
with the Frozen Ark, a UK-based ‘frozen zoo’ aiming to preserve the DNA of
endangered animal species, the paper situates the development of non-
human animal biobanks in relation to current anxieties regarding the
anticipated loss of biodiversity. These developments are seeding newglobal
futures by driving advances in technologies, techniques and practices of
cloning, de-extinction, re-wilding and potential species re-introduction.
While this provides impetus to rethink the nature of ‘nature’ itself, as some-
thing which is actively made by such conservation practices, we also aim to
make a contribution to the development of a series of critical concepts for
analysis of ex-situ and in-situ natural heritage preservation practices, which
further illuminates their roles in building distinctive futures, through discus-
sion of the relationship between conservation proxies, biobanking and
biocapitals. We suggest that questions of value and the role of future
making in relation to heritage cannot be disassociated from an analysis of
economic issues, and, therefore, the paper is framed within a broader
discussion of the place of ex-situ biodiversity cryopreservation in the late
capitalist global economy.
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Introduction
The urge to preserve for future generations things that humans consider to be under direct or
indirect ‘threat’ has a long tradition in the context of both ‘natural’ and ‘cultural’ heritage practices
(e.g. Holdgate 1999; Lowenthal 1985; Sodikoﬀ 2012), a tradition in which biodiversity conserva-
tion – as the dominant concept by which natural heritage values have been articulated, enumer-
ated and understood since the 1980s in relation to processes of species extinction – plays an
important role (e.g. see Meskell 2012; Sepkoski 2016; Bargheer 2016). Much like the urge to
preserve objects, places and traditions of shared cultural signiﬁcance for a yet-indeterminate time-
to-come, eﬀorts to freeze biomaterials from threatened species for the potential use in (as yet)
unknown future scenarios are often rooted in fundamentally anthropocentric rationales, driven by
the conception that ‘biodiversity’ constitutes a crucial piece in the puzzle of sustained human
survival (Vidal and Dias 2016, 9 and 13). The conservation of non-human animal species and
their natural habitats as an ‘insurance’ measure in the present is, however, not only directed at
‘what-could-become’ – an imminent present – but is equally, if not primarily, directed towards
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actively intervening in the production of more or less distant futures. Within this context,
biobanks are future-making institutions (Harrison 2017) that have the potential to create new
ecological, social and economic realities. Indeed, such biobanks are ‘live archives’ and actively
intervene within the assumed entropic relationship between diversity loss and time (e.g. Radin
2015; Chrulew 2017; 293; Harrison 2017), producing multiple dormant possibilities or, what
Joanna Radin has called ‘latent futures’ (2013).
Drawing on ongoing ethnographic research1 with the Frozen Ark (a UK-based, international
biobanking initiative which aims to preserve the DNA of endangered animal species) and with
aﬃliated conservation biologists at Cardiﬀ University, this article identiﬁes and observes a contem-
porary shift in the meaning of the practice of freezing genetic material of non-human animals. From
an initial ‘heroic’ narrative that cast such biobanks in a static, dormant role – isolated arks to carry
endangered DNA into an uncertain future (Doyle 1997; Watson and Holt 2001; Bowkett 2009;
Chrulew 2017) – we detect a recent shift to a more active function which acknowledges their potential
for reanimation of genetic material in future de-extinction programmes. We suggest that the role of
such institutions has transformed from repository to speculative reinvestment: the ‘arks’ that stored and
safeguarded genetic samples for survival within an endangerment narrative (c.f. Turner 2007) have
altered to become ‘investment banks’ where genetic materials can be actively reworked and revived to
build new futures (see also Bowker 2005; Heatherington 2012; Chrulew 2017). Where the new forms
of biocapital generated with such repositories seem to reﬂect reformulations of late capitalist values
(e.g. Doyle 1997; Shukin 2009; Thacker 2010), in this paper we consider the ways in which a critical
perspective on the operations of these enterprises might help us to bring new insights to bear on the
latent possibilities contained within these reservoirs of frozen DNA. Further, we explore the ways in
which concepts derived from this work might be applied to comparative analysis of ex- and in-situ
natural and cultural preservation practices as part of comparative studies which aim to illuminate their
roles in building distinctive futures (see also Harrison 2015, 2017; Harrison et al. 2016). Within this
context we are particularly interested in those that emerge from our examination of the relationship
between extinctions, proxies and forms of biocapital, which in turn draws on Latour’s (1987, 1999)
discussion of the role of immutable and combinable mobiles in the history of the sciences. Given the
signiﬁcant role which the study of values has assumed within critical cultural heritage studies, we
suggest that the production of these new forms of biosocial values constitutes an important subject for
critical analysis of contemporary biodiversity and natural heritage conservation.
Biodiversity and the crisis of the sixth mass extinction
The notion that the Earth is currently in the midst of the ‘Sixth Mass Extinction’, resulting in what has
been described as a ‘biodiversity crisis’ (Singh 2002) – a global loss of diversity in ﬂora and fauna – is
now in wide public circulation, driving academic research, public policy, and directing the course of
nature conservation eﬀorts globally. Mass extinctions are deﬁned by biologists as the disappearance of
three-quarters of the Earth’s species in a geologically short time span (Barnosky et al. 2011, 51).
Although it has been observed that species have regularly gone extinct throughout the millennia
through non-anthropogenic (or at least, primarily non-anthropogenic) processes – processes which
Darwin famously saw as a slow and gradual but inevitable and progressive, driven by natural selection
and the ‘survival of the ﬁttest’ (e.g. see Sepkoski 2016) – human inﬂuence in the form of over-hunting
and habitat depletion are today understood to be playing a central role in the current ‘chronic disaster’
(Westley 1997) of animal extinction rates (Fletcher 2008). Anthropogenic climate change is seen to
constitute a key threat multiplier to these factors (Cahill et al. 2012). Paleobiologists warn that no
matter on what scale these anthropogenic extinctions take place, ‘biodiversity’ will need millions of
years to recover (Kirchner and Weil 2000, 177).
But what does the term ‘biodiversity’ mean in this context? Since its introduction as a short-
hand for ‘biological diversity’ by conservation biologists Walter G. Rosen and E. O. Wilson in
1986 (Wilson 1988), the concept of ‘biodiversity’ has come to stand in for a range of diﬀerent
2 E. BREITHOFF AND R. HARRISON
conservation targets, from individual species to landscapes and ecosystems, and the primary
means by which the values of ‘natural’ heritage are articulated. Generally used to refer to and
measure all categories of biological diversity and its abundance, including everything from ‘alleles,
to populations, to species, to communities, to eco-systems’ (Sarkar 1999; 405; see also CBD 1992),
biodiversity has also acted as a more ‘scientiﬁc’ synonym for nature. Generally, biological
diversity, the ‘web of life’ (CBD 2000), is considered to be something intrinsically good, the
protection of which is paramount for the survival of humanity:
Biological resources are the pillars upon which we build civilizations. . .The loss of biodiversity threatens our
food supplies, opportunities for recreation and tourism, and sources of wood, medicines and energy. It also
interferes with essential ecological functions (www.cbd.int/convention)
Still, themeaning of the term ‘biodiversity’ remains ambiguous, its deﬁnition continuously re-moulded to
ﬁt the agenda and situation of the stakeholder(s) involved (Swingland 2001), but always framed in
relation to broader narratives of extinction and loss. In the process, biodiversity has become a powerful
concept employed across the natural and social sciences, as well as governmental and corporate agencies,
to justify and frame interventions in, and actions upon the ‘natural’ world (Bowker 2005). In the ﬁeld of
ecology and conservation biology, the concept of biodiversity is conventionally approached as something
that is of universal value and in need of protection (Perrings, Folke, and Mäler 1992), and, like cultural
heritage (Harrison 2016) as part of what Vidal andDias term the ‘endangerment sensibility’, a network of
‘scientiﬁc practices [that] belong in a complex of knowledge, values, aﬀects and interests characterised by
a particularly acute perception that some organisms and things are under “threat”, and by a purposeful
responsiveness to such a predicament’ (Vidal and Dias 2016, 2).
Classifying biological diversity as endangered involves a conscious decision to put it into a
speciﬁc category that carries within itself connotations of loss, depletion and forgetting – negative
or ‘anti-values par excellence’ (Vidal and Dias 2016, 1) – that force one to see biodiversity as
potentially entropic, and thus in need of saving (c.f. Harrison 2017; see also Sepkoski 2016). To
this way of thinking, biodiversity becomes something which is always inherently necessarily
diminishing and thus followed by the persistent ‘shadow of extinction’ (Van Dooren 2014, 8),
and for which humans act as saviour of the victims of their own misdoings. Here, we draw on Van
Dooren’s deﬁnition of extinction, as a slow unravelling of entangled lives that does not represent a
single event but the unmaking of an inter-linked ecological and social web of human and non-
human species (Van Dooren 2014; on the emerging ﬁeld of extinction studies see also Bird Rose
2011; Sodikoﬀ 2012; Heise 2016; Bird Rose, Van Dooren, and Chrulew 2017). The important
point to note is the way in which biodiversity conservation as a concept designates itself
simultaneously as a ﬁeld of enumeration – in the sense in which it involves bureaucratic practices
of identifying, counting and accounting for certain conservation targets in natural heritage
management – and intervention, in the sense in which it justiﬁes and predicates certain actions
on those conservation targets and/or the ﬁeld(s) in which those targets are contained (see also
Bowker 2000). There are clear parallels here with observations made of cultural heritage as deﬁned
by endangerment and ‘risk’ (e.g. Harrison 2013; Rico 2015, 2016]; see also Bennett et al. 2017).
The predicted loss of two-thirds of the world’s vertebrae population by 2020 (WWF 2016) and
a similarly bleak outlook for invertebrate species, has intensiﬁed biodiversity conservation eﬀorts
globally. These take the form of both in-situ conservation programmes (e.g. through the designa-
tion of protected areas) and ex-situ captive breeding programmes (e.g. in zoos and aquaria). More
recently, these ex-situ conservation eﬀorts have accelerated, as a result of the DNA ‘revolution’,
through the development of organised archives of non-human animal biomaterials which aim to
document and preserve genetic information on the biology, ecology and evolutionary history of
threatened mammals, birds and reptiles in the form of viable cells and DNA preparations, before
it is irretrievably lost (Corley-Smith and Brandhorst 1999; Watson and Holt 2001; Friese 2013;
Costa and Bruford 2018). Genetic resource banking – the freezing of plant and animal genetic
material for ex-situ storage and its use in research within a present-day and potential future
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context – has emerged as a response to what has been understood to be a contemporary extinction
crisis, and in many cases cryobanks have come to be seen as the only and last resort for recording
and storing biological material from endangered species for potential future retrieval.
Making and mobilising frozen futures: cryopreservation and biodiversity
conservation
The practice of freezing and storing of biological material (including blood, germplasm, embryos, tissues
and somatic cells of non-human animals) in genetic resource banks for the advancement of human
medicine and the development of agro-industries is not a new development in scientiﬁc research (see
further discussion in Radin 2015, 2017; Radin and Kowal 2017). Nonetheless, it is only recently that ex
situ cryogenic practices have become a leading and driving force in biodiversity research within the
context of endangered species conservation (see Gemeinholzer et al. 2011; Wildt et al. 1997; see also
Howard et al. 2016; Wisely et al. 2015; on the ferret biobank) – with biobank facilities such as the
Smithsonian, the San Diego Frozen Zoo® and the genetic repository at the National History Museum in
London collecting blood, tissues, cell cultures, eggs, spermatozoa and embryos speciﬁcally for conserva-
tion purposes. According to its website, the Zoological Society of San Diego (ZSSD) Center for
Reproduction of Endangered Species (CRES) now stores ‘the largest and most diverse collection of its
kind in the world’with over ‘10,000 living cell cultures, oocytes, sperm, and embryos representing nearly
1,000 taxa, including one extinct species, the po’ouli’.2 Since its foundation in 1975, the SanDiego Frozen
Zoo® has become an irreplaceable and continuously expanding source of biological information for
signiﬁcant scientiﬁc advancements in ﬁelds such as conservation, medicine, assisted reproduction,
evolutionary biology, physiology and wildlife medicine (Chemnick, Houck, and Ryder 2009).
In a paper on the Frozen Zoo® concept published in 1984, Benirschke advocates that ‘biologists at
zoological gardens have a unique opportunity – if not an obligation – to preserve materials for
scientiﬁc study. At a time when biomedical capabilities are expanding rapidly, we ﬁnd ourselves in
the position that biological resources are dwindling rapidly. Many forms of life are at the point where
extinction is imminent, yet the animal or plant has not become understood in any of its major
biological ways’ (1984, 325, our emphases). Benirschke’s words convey an urgency to not only save
dwindling genetic material for scientiﬁc study in the present but to safeguard it for an undetermined
future in which humans will be in a better position to extract from it as-yet uncovered information
(see also Morgan and Macdonald, this issue). (They also provide the key to understanding the role of
such facilities in contributing to the growth of new forms of biocapital, as we will discuss later in the
paper). Here, cryobanks become the harbourers of ‘time-travelling resource[s]’ (Radin 2017), which
are both enactors of, and produce templates for ‘futures in the making’ (Adam and Groves 2007;
Turner 2007). Genetic resources of endangered animals, for example, have enabled developments in
reproductive technologies to maintain genetic diversity which have already produced promising ‘real-
life’ results in a number of conservation programmes (e.g. Howard et al. 1992; Wildt et al. 1997). As
such, frozen zoos and other non-human biobanks are driving ongoing research into cloning, de-
extinction and re-introduction of endangered and once extinct species (see further discussion in
O’Connor 2015; Shapiro 2015; Pilcher 2016). These developments are likely to have signiﬁcant
impacts on what we might now, in the light of the recognition of the Anthropocene epoch, term
the ‘Human Planet’ (Lewis and Maslin 2018).
The Frozen Ark
The Frozen Ark Project was originally set up in 2004 at the University of Nottingham by the late
geneticist Professor Bryan Clarke FRS and his wife, immunologist Dr Ann Clarke, as well as develop-
mental biologist Dame Anne McLaren, in an eﬀort to preserve the genetic resources of threatened wild
species kept in zoos and aquaria around the world before they could go extinct (see Clarke 2009; Costa
and Bruford 2018), assuming this extinction was a given. From the 1960s, Bryan dedicated much of his
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time to work on speciation in the Partula land snail, native to the volcanic islands of French Polynesia. It
was around the same time that Lissachatina fulica, the giant African land snail was brought to the island
of Tahiti for breeding purposes as a culinary delicacy – a decision with serious consequences. The snail
spread to neighbouring islands and, in the absence of any natural predators, bred at such an alarming
rate that the government decided to introduce the carnivorous Florida Rosy wolfsnail (Euglandina rosea)
to the island to control the quickly escalating agricultural pest. However, instead of eating its targeted
prey, the new snail ravaged the Partula snail population and within 15 years, the latter had disappeared
from most of the islands (Clarke, Murray, and Johnson 1984). Realising the species’ imminent threat of
extinction from human interference, Clarke and his team decided to collect live specimens of the
remaining twelve Partula species, bring them back to the UK and freeze tissue samples in order to
preserve their DNA and allow for further study; they also established an international captive breeding
programme at the Zoological Society of London (ZSL) in the hope of re-introducing the snail to their
natural habitat. The fate of the Partula was playing out before their very eyes and the importance of
collecting and preserving biological material from endangered animals eventually resulted in the
creation of the Frozen Ark Project (Costa and Bruford 2018).
The founding partners of the UK registered charity include the London National History
Museum and the Zoological Society of London, as well as the University of Nottingham, which
provides laboratory and oﬃce space and serves as the seat of the Frozen Ark, while research is
now mainly being carried out at Cardiﬀ University. At the time of writing its consortium of zoos,
aquaria and other conservation bodies counted 27 national and international partners from all
over the world (Costa and Bruford 2018). The apocalyptic message conveyed by the project’s logo
(Figure 1), a ‘stylised ark on stormy seas’ (Chrulew 2017), is both clear and urgent: in the face of
anthropogenic ecological loss, the collecting, storing and managing of biological material from
endangered species might be the only chance for humanity and the species with which we co-
habit the planet. Yet, unlike Noah’s Ark which, according to Genesis ﬂood narrative carried a
male and a female of all the world’s animals to save them from extinction by drowning, the Frozen
Figure 1. The Frozen Ark logo (© The Frozen Ark).
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Ark is a ‘cryogenic’ or ‘technoscientiﬁc ark’ (Parry 2004) that adheres to its website’s motto of
‘saving cells and DNA of endangered species’ – materials which act as ex-situ proxies of the living
species they were taken from (see our discussion of proxies below).
The University of Nottingham currently provides two −80°C freezers storing just over 700 blood
and tissue samples obtained from endangered non-human animals from UK-based zoos and aquaria.
The charity’s collection inNottingham consists of over 700 samples froma number of diﬀerent animals
including the scimitar horned oryx (extinct in the wild), the Colombian spider monkey, pileated
gibbon, siamang gibbon, lar gibbon, snow leopard andMalayan tapir (all endangered). These are held
as cultured cells, tissue and gametes stored in liquid nitrogen (see Figure 2). When our researchers
visited the Nottingham laboratory we were shown how information on all the samples stored there is
organised in physical ﬁle folders and includes, amongst other details, an internal identiﬁcationnumber,
a universal zoo number, the species, type and location of sample, what it is preserved in, sample quality,
and, where applicable, a Whatman FTA card. The Frozen Ark’s interim Director, based in Cardiﬀ,
indicated that the ultimate objective is to form a confederated model that functions as both a physical
and virtual infrastructure, storing and managing the genetic material from endangered species,
Figure 2. Inside one of the −80°C freezers storing samples of biological material from endangered non-human animals at the
Frozen Ark in Nottingham (Photograph by Esther Breithoﬀ).
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sampled in the wild and in zoos and aquaria, from all over the world. At the time of writing, CryoArks,
a Cardiﬀ-based and BBSRC-funded (UK Biotechnology and Biosciences Research Council) initiative
resulting froma collaboration between the FrozenArk and someof its partner institutions aswell as the
UK node of the EAZA (European Association of Zoos and Aquaria) biobank, is in the process of being
established. Due to limitations imposed by the Nagoya Protocol, which, according to the Convention
on Biological Diversity website, ensures ‘the fair and equitable sharing of beneﬁts arising from the
utilisation of genetic resources, thereby contributing to the conservation and sustainable use of
biodiversity’, CryoArks will be mainly focused on the UK and Ireland, whereas the Frozen Ark has a
global remit – to this end it has already started cataloguing samples of extinct, endangered and
threatened3 species held by consortium members, and is aiming to increase the number of, and
coordination between, consortium members. Unlike other biobanks around the world (e.g. San
Diego Frozen Zoo, Smithsonian Biobank, Svalbard Global Seed Vault), which intend to form a single
point on Earth where genetic material from all over the world is being stored inside a central biobank,
the Frozen Ark aims to be a Nagoya-compliant back-up storage facility for institutions that, due to
various reasons, cannot store their own samples or would like to have duplicates of existing collections
and to hold centralised records relating to a distributed network of physical biobanks which store
biosamples of endangered non-human animals.
Based on interviews with the charity’s staﬀ undertaken during the lab placement in Cardiﬀ and
subsequently with staﬀ based in Nottingham, the Frozen Ark’s concern for preservation of genetic
material for future generations initially outweighed active conservation eﬀorts. With species going
extinct all over the world and the dramatic anticipated loss of genetic information, the Frozen Ark
eventually decided to change from acting purely as a repository to become an active collection.
This decision seems to have been inﬂuenced partially by the emergence of new experimental
genetic work, but also reﬂected a change in philosophy about the Ark’s role. ‘The focus was always
for the future’ reﬂects Jude Smith, who has been the charity’s administrator from the beginning,
‘but as we’ve got on, it has become really obvious that the future is here now, you know, it’s now’
(interview with Esther Breithoﬀ, 31 August 2017).
This new approach, described as more ‘pragmatic’ by current Interim Director, Professor of
Biodiversity and Conservation geneticist Mike Bruford (interviews with Esther Breithoﬀ, 18 and
21 July 2017), recognises the need to boost the proﬁle of the charity in order to deliver on its
promises for the future: the collection, safeguarding and managing of biological and genetic
material from endangered species for both anticipated and unanticipated future uses. The vision
is for the Frozen Ark to become an active and ethical facility for genomic resource management
that helps identify and prioritise which animal species are at risk of extinction and thus in need of
sampling, and develop the most eﬀective techniques of collecting, storing and managing biological
material. In its educational role, the Frozen Ark supports institutions both in the UK and abroad
with setting up their own biobank facilities and/or successfully managing already existing repo-
sitories. According to the charity, its main goals are:
i) coordinating global eﬀorts in animal biobanking; (ii) sharing expertise; (iii) oﬀering help to organisations
and governments that wish to set up biobanks in their own countries; (iv) providing the physical and
informatics infrastructure that will allow conservationists and researchers to search for, locate and use this
material wherever possible without having to resample from wild populations (Costa and Bruford 2018).
In the current absence of coordination and lack of shared protocols and databases between diﬀerent
biobanks nationally and internationally, the Frozen Ark plans on setting up a virtual stand-alone
open-access database connecting existing biobanks on a global level. This would facilitate increased
access to research material for researchers and conservationists internationally. The Frozen Ark sees
its role in safeguarding and managing genetic diversity as part of a joint eﬀort between ex-situ and in-
situ conservation practices. Cryostoring biomaterial of endangered species in freezers and liquid
nitrogen tanks – although space eﬀective – does however come with a high carbon footprint, which
one could suggest ultimately increases the threat of extinction to the animals it was designed to
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protect. The Frozen Ark website emphasises that establishing and maintaining a global biobank at
present is also a costly undertaking that has been suﬀering from a lack of funding since its inception.
Time is running out for many species. Conservation eﬀorts will undoubtedly save some but wemust preserve the
genetic record of all endangered species for our future. Time is also running out for the Frozen Ark, which has
been running with volunteers on a shoestring budget for several years. Help us save Nature’s genetic heritage so
that future generations can enjoy the natural world as we have all done. (The Frozen Ark 2018)
Like the endangered species whose biological material it aims to secure in the race against
irretrievable loss of biodiversity, the Frozen Ark itself also senses a risk of its own endangerment
in articulating these diﬃculties of establishing long term funding to secure its future operations.
These issues of uncertainty relating to the securing of ongoing ﬁnancial resources for the organisa-
tion’s research and collections were a regular topic of discussion; in the laboratory, in conferences,
and in more formal interview contexts; and form another of the various ways in which the urgency
of the work of the organisation, and biodiversity conservation more generally, is expressed.
Biodiversity and its proxies
We have already noted that the concept of biodiversity is an ambiguous and often plastic one, capable
of describing multiple phenomena at diﬀerent scales, mobilising a range of diﬀerent activities in and
on individuals and collectives of both plants and (both human and non-human) animals, and adapted
to a range of diﬀerent political circumstances. It encodes complicated relationships between parts and
wholes in the sense in which the diversity in biodiversity is so normative that it becomes impossible to
imagine a scenario in which an ecosystem, landscape, national park or other unit of analysis could ever
be biodiverse enough – it represents a yearning for completeness and inﬁnitude which, like that of
other universal categorical systems (Bowker and Star 2000), constitutes an impossible goal. It is
realised by way of indices, measurements, and catalogues of species, designated at various degrees
of risk (Turner 2007; Heise 2016), and is often represented metonymically as certain charismatic
species come to stand in for the concept of biodiversity more generally. A familiar example is the
individual starving polar bear as a symbol of the environmental impacts of anthropogenic climate
change. Captivatingly staged studio photography of individual animals and apparent family groups
from endangered species – taken by renowned animal photographer Tim Flach and often assuming
anthropomorphised expressions with the animal looking direct into the camera – forms an important
part of the Frozen Ark’s promotional materials. Such metonymic relationships can be achieved in
other ways too. For example, Carrithers et al. (2011), explore how the ‘species as person’ trope in
conservation discourse allows similar anthropomorphised relations to be realised for less charismatic
species. This is also typical of the normative nature of arguments regarding the value of diversity in
which diversity is understood to represent a value which is in itself inherent (Heyd 2010).
This is one way of understanding how biodiversity as a concept is realised by way of proxies which
represent units – individual animals, species, protected areas, ecosystems – on which certain forms of
conservation processes might be enacted. The term ‘conservation proxy’ has a speciﬁc meaning in
conservation biology, and describes how certain units of analysis (species, landscapes, soils, etc) act as
indicators of the relative ‘health’ or diversity of a particular system or larger unit of analysis – a
national park, an ecosystem, a waterway, etc. These surrogates or ﬂagship species become a shorthand
measurement to guide the distribution of resource or to measure the intensity of action which is
required on a particular system (e.g. Caro 2010). The term has a slightly diﬀerent meaning in rewilding
discourse, where it refers to the introduction of contemporary species which stand in for extinct ones,
mimicking an extinct animal’s role in the ecosystem. This is sometimes also referred to as ‘taxon
substitution’ (e.g. Josh et al. 2006).
There is another, equally important way of understanding the concept of proxies in relation to
ex-situ biodiversity conservation practices. This is in the way in which certain kinds of biological
materials, in combination with diﬀerent forms of data pertaining to those materials, come to stand
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in for the species from which those materials have been taken (Parry 2004; Van Dooren 2009).
The transformation of such objects into the targets of conservation activity themselves can be
understood in relation to Latour’s concept of ‘immutable mobiles’ in the history of the develop-
ment of modern sciences. These are transportable textual or visual fragments, observations and
representations of objects, places and phenomena which are collected from ‘the ﬁeld’ and returned
to ‘centres of collection and calculation’ where they are combined with other such objects and
subjected to translation to produce forms of scientiﬁc knowledge which predicate action, includ-
ing action back upon the ﬁelds from which they were collected (Latour 1987, 1999). In the case of
the Frozen Ark, biological materials (including cells and DNA samples) act as ex-situ proxies, and
these biomaterials, their containers, and the data pertaining to them increasingly become them-
selves the focus of conservation activity (see Figures 3–5). But the application of these concepts to
the Frozen Ark also suggests certain ways in which Latour’s model might be modiﬁed to
Figure 3. The FTA® is a paper-based system that allows the collection and storage of DNA (mostly from blood and buccal
swabs) by dabbing a bit of the ﬂuid into one of the pink circles inside the card. It allows a quick and safe storage of DNA
without the need of liquid nitrogen and freezers, making them a practical alternative when sampling in the ﬁeld.
Unfortunately, the cards are expensive and only allow 4 samples per card. Such technologies make the collection, transporta-
tion and subsequent storage of DNA/biomaterials as conservation proxies possible (Photograph by Esther Breithoﬀ).
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accommodate more complicated sets of relations which have arisen in the late modern bioeco-
nomies in which such biobanks have come to proliferate. First, the case of the Frozen Ark suggests
that Latour’s conception of ‘the ﬁeld’ might be broadened to accommodate collections made from
existing captive collections. The genetic material kept at the Frozen Ark is not only harvested from
living and dead animals in the ‘wild’ (often national parks and other protected areas), but also
from zoos, aquaria and other ex-situ living collections. Accepting that ‘nature’ is both social
construction (e.g. Wilson 1992) and itself physically managed and humanly produced (Lewis and
Maslin 2018), we suggest that late modern ‘ﬁelds’ might not always be remote, as in Latour’s
model of the history of the modern ﬁeld sciences, but might instead constitute proximal spaces
from which certain resources might be harvested and set into motion for other uses through the
application of technosciences (Heatherington 2012), the ‘distant’ microscopic ﬁelds of which can
only be reached with the intervention of speciﬁc technical imaging devices which require complex
computational interpretation to visualise. What is signiﬁcant here is not the geographical distance
of the ﬁeld, as in La Perouse’s journey which forms the basis for Latour’s arguments in Science in
Action (1987), but the application of certain forms of highly specialised technoscience to visualise,
isolate, extract, store and manipulate biomaterials which would not otherwise be able to be
collected from these living collections. Second, because the Frozen Ark is composed of a
consortium of zoos, aquaria and other conservation bodies, it initially seems problematic to use
the term ‘centre of calculation’ to describe it. But like other collections (e.g. see the discussion of
the relations of French metropolitan and colonial museums in Bennett et al. 2017), centres of
calculation may be distributed and operate across multiple centres as part of a confederated
model. Importantly, these are held together by virtual networks, in this case databases containing
information relating to samples of biomaterials from endangered non-human animals, which
Figure 4. Lab book entry showing PCR data (ampliﬁcations of a known section of DNA often used to either identify the
presence or absence of a genetic trait) and agarose gel images (the ﬂorescent rectangles visible in the images identify the
presence or absence of a genetic trait), which act as proxies for the ﬂycatcher bird that the DNA was taken from for a study at
the School of Biosciences, University of Cardiﬀ (Photograph by Esther Breithoﬀ).
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manage and constrain the ways in which data is collected and which render them able to be
combined and manipulated in speciﬁc ways.
These more complicated sets of relations are similarly realised through the Ark’s relations with
other institutions, where it acts as a ‘back up’ or copy of a copy held in other biobanks. Even
though these are ‘copies’, they are also perceived as authentic or ‘immutable’ at the level of the
DNA sample, which could be conceived as divided, rather than replicated (see further discussion
of ‘copies of copies’ below). The conservation of such biomaterials is a form of ‘latent’ or ‘deferred’
conservation in the sense in which these cells and data are frozen for subsequent scientiﬁc
research which may aid conservation eﬀorts in some, as yet undeﬁned manner. In this way,
such biomaterials exemplify a process which could be understood to be common to ex-situ
natural and cultural heritage conservation more generally.
Playing god in the Anthropocene: biodiversity, cryopreservation and future-making
In 1993, the Stephen Spielberg ﬁlm Jurassic Park seemed to oﬀer an improbable view of an alternative
future in which long extinct species could be regenerated from ancient DNA. We have shown that
initiatives to collect and store the raw materials for such a process in the form of frozen blood, tissue
and other human and nonhuman animal organic materials have a much longer genealogy. However,
recent developments in genetic rescue programmes which aim to revive extinct and threatened animal
species suggest such genomic engineering is scientiﬁcally possible. Several projects which sound
equally implausible – including work currently being undertaken by Revive and Restore (www.
reviveandrestore.org) to clone extinct Passenger Pigeons andWoollyMammoths – are likely to realise
results within the next decade (e.g. see Jørgensen 2013; Shapiro 2015). Sherkow and Greely (2013)
explain that the three approaches which appear most likely to yield results are back-breeding, in which
selective breeding is used to produce the phenotypes of extinct species; cloning using cryopreserved
tissue; and genetic engineering using whole genome sequencing and the editing of DNA in cells from
genetically similar extant animals. In many ways these projects constitute a realisation of the latent
futures which are resourced by frozen zoos and cryopreservation technologies. The move within the
Figure 5. Frozen blood sample of a chimp, stored in one of the Frozen Ark’s −80°C freezers at the University of Nottingham, as a
further example of a biomaterial proxy of the animal it was extracted from (Photograph by Esther Breithoﬀ).
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Frozen Ark away from perceiving its role primarily as a passive collecting institution for the future, to
one of active experimental conservation in the present, exempliﬁes the ways in which such collections
resource the development of new realities in which the possibilities of reviving extinct species through
hybridisation with extant ones is increasingly becoming fulﬁlled. But in their enabling of certain forms
of what Vidal and Dias helpfully terms ‘restitution fantasies’ (2016, 1) they also re-enforce dominant
(although not uncomplicated – see Dibley 2012, 2015) forms of anthropocentrism which remain
barely hidden within the Anthropocene chronotope (c.f. Pratt 2017) in the fulﬁlment of humanity’s
ultimate mastery over nature: the ability to resurrect the species that we have ourselves rendered
extinct. The quest for such a reality is embodied in the Frozen Ark’s own creation narrative in which
the founders’ attempts to save the Partula land snail through more conventional methods of captive
breeding are unsuccessful and force them to turn to cryopreservation for future hybridisation and de-
extinction programmes as the last hope for this totemic species.
The complicated ethical questions raised by such projects, and their reception by diﬀerent publics,
are only now beginning to be explored (e.g. see National Academies of Sciences, Engineering, and
Medicine 2016). There are signiﬁcant opportunities for important conversations across natural and
cultural heritage practice here around persistent questions relating to authenticity, values, and the
ways in which such natural and cultural ‘restoration’ projects actually constitute active forms of future
making practices at both the micro (genetic) and macro (landscape) scale. Genetic biobanking does so
in the sense in which it provides literal rawmaterials for the development of scientiﬁc experimentation
and new technologies which might realise de-extinction. These debates similarly touch on a range of
discussions within the ﬁeld of nature conservation, especially those relating to re-wilding (e.g. Lorimer
2015; DeSilvey and Bartolini 2018), and more radically, to ‘terraforming’ (e.g. Sagan (1961, 1973);
Oberg 1981; Fogg 1995). Signiﬁcantly, many of these actual and hypothetical developments have been
preﬁgured within speculative ﬁctions of diﬀerent genres (for example in the work of Margaret
Attwood) in a process which we see as analogous to the relationship between the rhetorics of
cryopreservation (Chrulew 2017) and the new realities they resource which we have discussed in
this paper.
From ark to bank: biodiversity and biocapital
It is in the transformation of these latent possibilities into new economic (as well as ecological) realities
that we are able to determine shifts in the nature of biobanking facilities and the forms of value they
both generate and are caught up within (Shukin 2009). A signiﬁcant literature in science studies,
which develops and expands upon Foucault’s ‘late’ work on biopower/biopolitics, has traced the
development of what Cooper (2008) terms the ‘bioeconomy’ since the 1970s in the speciﬁc relations of
biotechnology, neoliberal politics and economic policy (e.g. see Doyle 1997; Thacker 2006; Rose 2006;
Waldby and Mitchell 2006; Shukin 2009; Franklin 2013; Cooper and Waldby 2014). Central to the
bioeconomy has been the emergence and evolution of a range of new forms of ‘biocapital’. We draw
on Helmreich’s (2008; see also Rajan 2006) deﬁnition of biocapital as the surplus values generated by
the commodiﬁcation and circulation of forms of biological life within economic systems. Helmreich
points out, however, that biocapital is understood and deployed in a number of diﬀerent ways by
scholars across science studies and itself may manifest in a range of diﬀerent forms, as parts of
diﬀerent sociomaterial assemblages. It is the ways in which biocapital emerges ﬂexibly and replicates
itself across these diﬀerent sociomaterial assemblages which concerns us here. Given the signiﬁcance
of the study of concepts of value to critical heritage studies, we might ask how cryobanks such as the
Frozen Ark have contributed to the development of new forms of value? And in what ways are those
new values accumulated and distributed within the bioeconomy?
We return here to Benirschke’s (1984) discussion of the Frozen Zoo concept cited earlier in the
paper in his observation of the relationship between the growth of cryopreservational technologies
and the dwindling biological resources these are produced to conserve. As biodiversity (bearing in
mind that this concept is itself plastic and subject to shifts in meaning) diminishes, the value of
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these banked biomaterials increases both individually and collectively. As Harrison (2017) has
argued in relation to the work of crop seed biobanks, these processes are forms of speculative
biocapital accumulation, banking on, yet simultaneously imaginatively resourcing (c.f. Turner
2007; Thacker 2006, 2010), the development of the biotechnologies which will realise these future
values. Thus extinction, biobanking, biocapital and biodiversity come to be linked in a compli-
cated network of values within the emerging bioeconomy.
In its speculation on, and investment in the anticipation of loss, the work of the Frozen Ark (and
the ﬁeld of biodiversity cryopreservation more generally) can also be understood to represent a
response to neoliberal economics in the ways in which it constitutes an optimisation of the use of
space and resources. Cryobanking ‘represents a technically viable method for helping to conserve
species biodiversity, without having to maintain large captive populations of each organism’ (Hosey,
Malﬁ, and Pankhurst 2009, 319 as quoted by Chrulew 2017), nor, indeed, the designated landscapes in
which these organisms might conventionally be preserved (as national parks, for example). As
Chrulew goes on to surmise from these comments in his own discussion of the Frozen Ark, ‘the
forms of preservation and exchange made possible by the frozen zoo transform the relationships
between humans, animals, and technologies, reorganising space and time beyond familiar constraints
in the interests of optimal eﬃciency and diversity’ (Chrulew 2017, 297). The ability of biodiversity
conservation to designate conservation proxies which are immutable, combinable mobiles (in the
Latourian sense) is thus central to the ways in which biobanks function within a bioeconomy to
accumulate biocapital. As Harrison (2017) has observed of the seeds in ex-situ seed banks, while these
are conceptualised as copies of biomaterials held in other collections, or as we qualify here, not so
much as copies as fragments of the original sample which remain authentic at the level of the DNA –
indeed, as Chrulew (2017) notes, doubles of doubles held in captivity which are themselves doubles of
wild animals – they are not, in fact, duplicates, as their presence within these particular biosocial
archives allows them to accumulate new forms of value, and indeed, possible new genetic character-
istics which do not directly replicate those from which they were originally copied. This is again
reﬂected in the change of perception of the function of the Frozen Ark from repository – where frozen
biomaterials would be collected untouched for the future, to speculative reinvestment – where such
biomaterials would be part of active and ongoing genetic experimentation with saving threatened
species and potentially reversing extinction, in particular through the generation of hybrids which
combine genetic materials from both living and extinct species.
Finally, cryobanking reconﬁgures relationships between life and death. Talking in the context
of frozen genetic material from humans, Lemke observes that:
“human material” transcends the living person. The person who dies today is not really dead. He or she lives
on, at least potentially. Or more precisely, parts of a human being – his or her cells or organs, blood, bone
marrow, and so on – can continue to exist in the bodies of other people, whose quality of life they improve
or who are spared death through their incorporation. The organic materials of life are not subordinate to the
same biological rhythms as the body is. These materials can be stored as information in biobanks or
cultivated in stem cell lines. Death can be part of a productive circuit and used to improve and extend
life. The death of one person may guarantee the life and survival of another. Death has also become ﬂexible
and compartmentalised (Lemke 2012, 95).
Similarly, biotechnologies employed by the Frozen Ark allow for the breaking down of species into a
range of components at the biomolecular level which allow for almost endless recombination (Doyle
1997; Chrulew 2017), further complicating the question of the relevant units by which biodiversity
might be measured, and the relative values of such units and their proxies. The importance of the late
capitalist context of these developments cannot be overstated. This extension of life and expansion of
what constitutes biological reproduction is a function of what Cooper refers to as the bioeconomy’s
transformation of biological life into surplus value (Cooper 2008; see also Shukin 2009; Thacker 2010).
As in the case of Svalbard Global Seed Vault (see Harrison 2017), the operations of the Frozen Ark can
be understood to accumulate and generate surplus value through reversing what are perceived to be
‘natural’ as well as humanly produced entropic processes of biodiversity decay (Sepkoski 2016); but
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importantly, the new forms of value which it produces are not simply inherent to its proxies
themselves, but also derive from the latent (c.f. Radin 2017) potential for new and experimental
forms of life they may be used to produce. In this sense, the Frozen Ark contributes to what Radin
terms a form of ‘planned hindsight’ (Radin 2015) – it realises its own technofutures through its
collecting policies in the present. Its latent generation of future value in the form of biocapital requires
direct speculation upon the extinction and biodiversity loss it is created to secure the present against.
The Frozen Ark counterintuitively depends upon the future biodiversity loss which it works against,
but simultaneously anticipates, in its present operations.
Conclusion
Our aim in this paper has been to critically explore the ﬁeld of ex-situ biodiversity cryopreserva-
tion and its place in the late capitalist global economy by exploring how biobanks speculate upon
and help to realise new futures as a response to an anticipated global loss of biodiversity. Here we
draw on a strong tradition of such critical analyses within the study of cultural heritage (e.g.
Harrison 2013) and apply it to the study of natural heritage. We have used our work with the
Frozen Ark as a starting point to begin to think about the reorganisation of biodiversity values
which the rise of such facilities reﬂects, and the largely unexplored relationship between biodi-
versity conservation and the bioeconomy more generally. We want to be clear that this is not
intended as a criticism of the work of the organisation, the individuals who work for the
organisation, nor of biodiversity conservation more generally, but is ‘critical’ in a broader sense
of trying to begin to understand how biodiversity conservation is caught up in systemic networks
of power relations within the context of late capitalism. If biodiversity conservation is viewed
through the lens of a critical exploration of the forms of value it generates and their interactions
with one another, ex-situ biobanks are no longer dormant genetic ‘arks’ but rather ‘investment
banks’ which accumulate and produce values through speculation upon the forms of extinction
which they themselves seek to resist through their reconﬁguration of post-genomic life.
We have also sought to introduce some new critical concepts to the comparative study of
natural heritage preservation practices, oriented towards the understanding of such practices as
forms of future making in which each set of practices is understood to produce its own
distinctive future worlds. We see these concepts as potentially also helpful in rethinking cultural
heritage preservation practices, especially given the arbitrary distinction between them (see
Harrison 2015). One might argue that the newly emergent bioeconomy discussed here consti-
tutes the logical product of a recognition of our current epoch – the Anthropocene – as one in
which humans have become the primary force of global geological and climatological change
(e.g. Lewis and Maslin 2018). These biotechnologies and their resultant post-extinction imagin-
aries are the ghosts which haunt the landscapes touched by the violence and conﬂicts of
modernity, and the monsters which emerge out of the resulting hybrid human/non-human
social relations which Tsing et al. (2017) and their contributors see as deﬁning the post-
Anthropocene planetary poetics. Of course, the notion implied within the idea of the
Anthropocene is precisely that we live in what Marris (2013) terms a ‘post-wild world’. In
presenting the distinctive future-making practices of this particular ﬁeld of ex-situ biodiversity
crypreservation, we also aim to demonstrate the value of understanding and engaging critically
and comparatively with the whole range of heritage practices, and the distinctive futures they
enact and resource. Given the signiﬁcant transformations of both cultural and natural heritage
and their broadening of scope to include an ever-increasing range of objects, species, places,
ecosystem, practices and materials (and indeed, the complicated and blended relations between
them) which has occurred over the past decades (c.f. Harrison 2013), understanding the
implications of such practices seems increasingly important, and the role of a critical heritage
studies in doing so, increasingly signiﬁcant.
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Notes
1. The work presented here draws on a 6-week intensive placement during which Esther Breithoﬀ worked with
Frozen Ark team members and conservation biologists based in the research lab in Biomedical Sciences at
Cardiﬀ University, and a number of additional interviews and laboratory visits to Frozen Ark team members
based at the University of Nottingham and with aﬃliated researchers at the London Zoo and Natural
History Museum undertaken by both Esther Breithoﬀ and Sefryn Penrose. During the Cardiﬀ placement,
Breithoﬀ shadowed staﬀ and students in the laboratory, interviewed them about their work, and completed
desktop research tasks in support of the production of a report on ethics of non-human biobanking. Further,
the Frozen Ark are one of twenty-four partner organisations of the Heritage Futures research programme,
whose staﬀ have participated in a series of intensive, week long collaborative knowledge exchange events
throughout the project which have aimed at understanding the work of each of the partner organisations
and co-designing research to address common issues for the sector. The paper also draws on these more
experimental ‘para-ethnographic’ (Holmes and Marcus 2005, 2006, 2008; see Harrison et al. 2016) engage-
ments with the organisation as part of the research programme over a longer 3-year period.
2. The zoo also owns a patent on Frozen Zoo®.
3. These terms have speciﬁc technical deﬁnitions which relate to the categories established by the IUCN Red
List of Endangered Species.
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